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Abstract 
Scent marking plays a variety of roles in strepsirrhine primate communication and group 
dynamics. This study investigates the influence of group changes on scent marking rates in a wild 
population of Verreaux’s sifaka (Propithecus verreauxi) to better understand the role of olfactory 
communication in mediating inter- and intragroup dynamics. We analyzed three years of scent 
mark and group membership data (2017-2019) obtained from 18 adults across 6 social groups in 
Kirindy Mitea National Park to examine how individual and group characteristics affect scent 
marking during immigrations and emigrations. Scent mark rates did not differ significantly during 
periods of group change but were correlated with group composition. Notably, females scent 
marked more when male membership was higher. Our results indicate that scent marking is 
affected by changes in group structure, but other methods of communication likely play a larger 
role in mediating group membership changes. 
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Introduction 
Species from a variety of taxa rely on olfactory signals (scents) to communicate and 
mediate sociality (Thiessen & Rice, 1976). Primate sensory systems are thought to be an 
evolutionary trade-off between vision and olfaction with the latter regarded as the more primitive 
sense (Barton et al., 1995). However, growing research on strepsirrhines, primates that have 
retained a reliance on olfactory communication, has demonstrated that olfaction is a highly 
specialized form of communication (Barton, 2006; Drea, 2015). Strepsirrhines are a suborder of 
primates encompassing lemurs, galagos, and lorises. In contrast to the other primate suborder, 
haplorrhines, strepsirrhines have a more acute sense of smell due to certain internal and external 
physiological differences (Drea, 2020; Fleagle, 2013; Smith et al., 2007). Internally, the nasal 
cavity in strepsirrhines contains more and larger turbinates, a network of bones and tissue 
containing sensory membranes. Externally, their “wet-nose”–from which they get their name–
extends through the top of their upper lip and includes a moist rhinarium, similar to the noses of 
felids and canids (Fleagle, 2013; Smith et al., 2007). 
These anatomical differences enable strepsirrhines to convey and decode an especially 
robust array of olfactory messages through scent marking (Drea, 2020). Scent marking involves 
the deposition of glandular secretions either through urine, feces, or directly rubbing a scent gland 
on a substrate, conspecific (allomarking), or oneself (anointing) (Johnson, 1973). Messages 
contained in scent marks can be considerably complex–secretions from different glands can even 
be combined and likely serve different purposes (Greene et al., 2016). Deposition of a scent mark 
via direct rubbing of a scent gland on a substrate is the focus of this study and a common method 
of olfactory communication in diurnal strepsirrhine primates. 
A form of chemosignalling, scent marking can serve as an honest indicator of fitness as the 
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messages are difficult to manipulate (Harris et al., 2018; Zala et al., 2004), in contrast to vocal and 
auditory communication (Backwell et al., 2000; Langmore et al., 2008). Further, unlike sight and 
sound, scents can be longer-lasting, persisting even after the signaler has left (Greene et al., 2016). 
This makes scent a particularly useful medium through which individuals of one group can 
broadcast information, such as territorial boundaries, to another group (delBarco-trillo & Drea, 
2014; Hayes et al., 2006). In addition to mediating intergroup relations, scent marking is an integral 
component of intragroup dynamics, notably sexual selection (Drea, 2015; Thiessen & Rice, 1976). 
Previous research has demonstrated that odors can contain information regarding individual or 
group identity (Scordato et al., 2007), reproductive status,  sex (Scordato & Drea, 2007), 
relatedness (Charpentier et al., 2008; Morelli et al., 2013), and age (Hayes et al., 2006) and can 
serve to mediate conflict (Scordato & Drea, 2007) and communicate territorial boundaries 
(delBarco-trillo & Drea, 2014; Hayes et al., 2006) in lemurs, although the extent of this 
communication and behavior varies by species.  
 
Verreaux’s sifaka 
Verreaux’s sifaka are highly social, living in cohesive groups of 2-16 individuals (Lewis 
& van Schaik, 2007; Richard et al., 1993; Sussman et al., 2012). Male natal dispersal is common, 
typically occurring around ages 3-6, whereas female dispersal is less common (Leimberger & 
Lewis, 2017; Richard et al., 1993). Verreaux’s sifaka groups often contain multiple males and have 
variable sex ratios (Leimberger & Lewis, 2017; Port et al., 2012; Richard et al., 1993). In line with 
other lemur species (Kappeler, 1993), Verreaux’s sifaka exhibit female-biased power structures 
(Voyt et al., 2019). This power asymmetry is not based on size as adult males and females have 
similar body masses, but rather on female reproductive maturity and ability (Voyt et al., 2019). 
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Female-biased power is therefore exerted through leverage, specifically of male mating 
opportunities, and not physical dominance. 
 Male Verreaux’s sifakas display phenotypic variation which is indicative of rank. 
Dominant males, referred to as “stain-chested”, exhibit a darker chest caused by increased activity 
of the testosterone-mediated sternal gland, which produces an oily substance used for scent 
marking (See Figure 1) (Lewis & van Schaik, 2007; Lewis, 2009). Subordinate males have “clean” 
white chests referring to the absence of staining yet can develop stained chests if they take over 
the rank of the resident male (Lewis & van Schaik, 2007). The higher ranking stain-chested males 
successfully monopolize females, siring nearly all infants in their group (Kappeler & Schäffler, 
2008). 
Verreaux’s sifakas employ a complex repertoire of scent signals. Although chemical 
analyses of scent marks have not been assessed in Verreaux’s sifaka, Perofsky et al. (2017) 
examined the gut microbial compositions of a wild population of Verreaux’s sifaka and found that 
group membership, higher individual sociability, and increased scent marking correlated with 
increased microbial diversity. As microbes have been shown to be involved in modulating odor 
production in multiple scent-marking species (Theis et al. 2013; Albone & Perry, 1976), 
Perofsky’s (2017) findings may suggest that similar messages are reflected in the scent marks of 
individuals. Scent marking behavior in wild Verreaux’s sifaka varies interindividually and by sex 
and is thought to serve multiple functions such as mate guarding and territory demarcation (Lewis, 
2005; Lewis, 2006). Stain-chested males scent mark significantly more often than both clean-
chested (subordinate) males and females (Kraus et al., 1999) with about half of these being 
deposited on top of other individuals’ scent marks (Lewis, 2005)–deemed “overmarks”. Lewis 
(2005) documented stain-chested males overmarking up to 95% of the time they saw a female 
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scent mark. While it is unclear how exactly overmarks affect the original scent mark, Lewis (2005) 
observed individuals re-depositing their scent mark after they had been overmarked, suggesting 
that overmarking may serve to mask the original odor and message. Additionally, stain-chested 
males appear to overmark most frequently during intergroup encounters (Lewis, 2005), pointing 
to the important role of scent marking in mediating intra- and intergroup relationships.  
Verreaux’s sifakas have considerable home range overlap and encounter individuals from 
other groups frequently (Benadi et al., 2008; Lewis, 2005). Dispersal-related changes in group 
membership and composition can occur in a number of ways. Natal dispersal is typical of males, 
and occasionally females, and occurs when an individual departs from their natal group and either 
spends time as a solitary individual, joins an existing group, or forms a new group (Kappeler & 
Fichtel, 2012; Leimberger & Lewis, 2017; Richard et al., 1993). Dispersal is not just limited to 
natal dispersal as individuals can belong to multiple groups throughout their lives (Richard et al., 
1993), resulting in some groups containing multiple unrelated adult males (Port et al., 2012). Given 
the successful monopolization of reproductive females by stain-chested resident males, 
subordinate males stand to benefit from immigrating into groups if they can eventually replace the 
dominant male (Port et al., 2012). 
However, research indicates no benefits for resident males (Kappeler et al., 2009; Port et 
al., 2012). While the costs are minimal, resident males do face potential lost reproductive 
opportunities as well as the risk of displacement by an incoming male (Kappeler, 2009). As the 
addition of subordinate males does not reduce infanticide or the chances of a group being taken 
over by a new dominant male, nor do subordinate males participate as often as stain-chested males 
in intergroup conflicts, it is perplexing that resident males seem to tolerate these immigrations 
(Kappeler et al., 2009; Koch et al., 2016; Port et al., 2012).  
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While stain-chested males appear to tolerate subordinate males, Lewis (2008) found that 
females encourage and facilitate subordinate male membership by responding more frequently to 
vocalizations and maintaining proximity. On the contrary, stain-chested males were responsible 
for maintaining proximity to females, providing support for the mate-guarding hypothesis and 
potentially explaining the high levels of reproductive skew seen in this species (Kappeler & 
Schäffler, 2008; Lewis, 2008; Mass et al., 2009). Despite higher levels of testosterone in stain-
chested males and their propensity to guard females, Verreaux’s sifakas exhibit low levels of 
aggression which Lewis (2009) hypothesizes may be attributed, in part, to their stained chests 
serving as a visual sign of dominance. Females also go into very brief periods of estrus (0.5–96 
hours) asynchronously (Brockman & Whitten, 1996) making it feasible for stain-chested males to 
monopolize reproductive opportunities, possibly explaining their tolerance of immigrant 
subordinate males. 
This study aims to explore the responses of adult resident males and females to group 
membership changes by comparing scent marking rates during times of group stability to those 
during immigration/emigration events. Because of the cohesive nature of sifaka social groups, it 
is reasonable to suspect that changes in group membership result in increased communication as 
new members are (or are not) socially integrated and social hierarchies are updated or maintained 
(Thiessen & Rice, 1976). I, therefore, hypothesized (H1) that overall rates of scent marking differ 
significantly during periods of group change compared to periods of stability and predicted (P1.1) 
that rates increase during times of group change. Further, because stain-chested males receive no 
benefits from subordinate male immigrations but face costs of lost reproduction, I predicted that 
(P1.2) these increases are related to scent marker sex and (P1.3) male resident rank, specifically 
that stain-chested males exhibit the largest increase in scent marking in response to immigrations 
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potentially to deter immigrants. Despite costs to stain-chested males, female residents can benefit 
from subordinate male immigrations via increased mating opportunities. As females exert 
dominance over males by leveraging mating opportunities (Voyt et al., 2019), females may benefit 
from higher male membership. Therefore, I hypothesized (H2) that resident scent marking rates 
are influenced by group sex composition and that this differs between males and females. I 
predicted that (P2.1) adult females increase scent marking when male membership is low, 
potentially as a way to attract new subordinate males to the group and that (P2.2) stain-chested 




Study site and subjects 
Research was based at the Ankoatsifaka Research Station (44°9.88’ E, 20°47.69’ S) in 
Kirindy Mitea National Park in western Madagascar (Figure 2). The study area is comprised of 
dry forest with an annual mean temperature of 24°C and approximately 850mm of rainfall yearly 
(Lewis & Axel, 2019). A 1km2 grid system of trails every 25 m run through the forest allowing 
observational access to all groups with minimal disturbance. 
Study subjects are members of one population of wild Verreaux’s sifaka (Propithecus 
verreauxi). This population has been the focus of ongoing long-term research since 2006 (e.g., 
Lewis, 2009; Lewis & Rakotondranaivo, 2011; Perofsky et al., 2017; Voyt et al., 2019; Lewis et 
al., 2020). As a result, individuals have been habituated to human presence and are marked with 
unique collar-tag combinations for ease of identification and observation. Moreover, long-term 
demographic information including age, sex, and chest stain status are available for each 
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individual. Chest status can be determined visually using the presence or absence of a dark stain 
on males’ chests and is recorded during monthly censuses (Lewis & van Schaik, 2007; Lewis, 
2009). Males transitioning either from stained to clean or clean to stained are referred to as 
“intermediate” (sensu Lewis & van Schaik, 2007). 
Study subjects included 18 adult individuals (10 males and 8 females) living in six social 
groups (Table 1). Group size ranged from 2-7 individuals (excluding infants) depending on the 
month and group. For the purposes of this study, we focused only on adults (≥ 5 years), because 
subadults and juveniles rarely scent mark and infants never do (Lewis et al. 2006). All groups 
contained only one stained male and up to two adult females. 
 
Data Collection 
 Behavioral data analyzed in this study were collected between 2017 and 2019 as part of 
the long-term research described above.  
Group membership was determined via monthly demographic censuses, during which all 
observable individuals within the group’s home range were recorded. These data were 
supplemented with ad libitum data from focal individual and focal group follows. Verreaux’s 
sifaka often sleep in close proximity to each other in the forest canopy so we also recorded, when 
possible, the individuals within or nearby the same tree. 
 All occurrences of scent marking were recorded during 60-minute continuous focal animal 
samples. Focals were rotated randomly within the group and predetermined prior to observations. 
Groups follow a pattern of rotation to ensure approximately equal sampling each month and by all 
researchers. While other group members may have scent marked during the sampling period, only 
the focal individual’s scent marks are used in this study. 




Calculating Changes in Scent Mark Rates 
 We calculated hourly scent mark rates as the total number of scent marks deposited by an 
individual on a given day divided by the total focal hours observed on that day. This standardized 
scent marks across individuals and allowed us to compare rates for individuals with varying 
observation times. 
 To control for any natural fluctuations in scent marking rates throughout the year, we 
converted hourly scent mark rates into their changes from baseline rates. We did so by calculating 
each individual’s monthly baseline scent marking rate during days of no group change and 
subtracting that from each individual’s hourly scent marking rate to generate the change in scent 
marking rate from baseline. Individuals’ monthly baseline rates were determined by averaging 
their hourly scent marking rates for days during no group change. In cases where no baseline data 
were available (i.e., all observations for that month occurred during an immigration or emigration 
event), we averaged the baseline rates for the month prior to and following the month in question. 
If there were no data for the month prior or following, we used the baseline rate from the closest 
available month. 
Identifying group changes 
To test the hypothesis that residents increase scent marking in response to group change 
(H1), we identified group change events using a combination of census, focal instantaneous, and 
sleep tree data. Individuals were classified as “residents” of a group if they spent more than half 
of their observations for a given month in that group. Plotting the percentage of time spent in a 
group for each individual showed no percentages between 50% and 67%. Thus, we considered any 
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animal present within a group for at least 67% of observations to be “residents”, and less than 50% 
as “visitors” (sensu Richard et al., 1993; Leimberger & Lewis, 2017.  Because it is common for 
individuals to visit other groups during the day, sometimes for days at a time, we also used sleep 
tree data to corroborate whether a new individual was a visitor or had in fact integrated into the 
group. For instance, if ≥ 67% of an individual’s focal observations were in a new group, but they 
were recorded as sleeping with their usual group during that month, they were considered a 
“visitor” and not a “resident” of the new group. There was one instance in which two brothers (one 
juvenile and one subadult) attempted an immigration but were evicted within a month and are 
referred to as “wandering” (sensu Richard et al. 1993; Leimberger & Lewis, 2017), but still 
included as a group change in analyses of resident responses. 
After identifying group changes, we narrowed the window of time during which the change 
could have occurred using the individual’s last day of observation (from census, sleep tree, or focal 
instantaneous) in one group and the first day of observation in the next. If an individual emigrated 
from one of the six focal groups but failed to join another group in our study or immigrated into a 
new group after previously being outside the study site or solitary, we narrowed the window of 
time by looking at either the first (for immigrations) or last (for emigrations) observation of that 
individual in a focal group. All group changes are shown in Figure 3. 
Because it is unclear at what point individuals begin to alter their behavior in response to 
group changes, we included observations ten days before, during, and ten days after in our analyses 
of the effect of group change on scent marking behavior, in order to capture as many resident 
responses as possible. 
Group composition 
To test our second hypothesis that resident scent marking rates are related to group 
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composition, we determined the monthly ratio of adult males to total adults for each group. For 
the purposes of this study, group size refers to the total number of residents in a group excluding 
infants. Group composition was determined for each month based on the criteria of 67% of 
observations described above. Adults are considered to be individuals ≥ 5 years old, subadults 3-
4 years old, and juveniles 2-3 years old. To establish the percentage of residents that were male 
we divided the number of adult males by the number of adult males and females. 
Statistical Analyses 
We used Wilcoxon signed-rank tests to assess changes in scent marking rates from monthly 
baseline rates for individuals during periods of group stability compared to periods of group 
change, as well as type of change (immigration or emigration). We, therefore, tested four 
comparisons: i) no change vs. change; ii) no change vs. immigrations; iii) no change vs. 
emigrations; and iv) immigrations vs. emigrations. As not every individual had focal observations 
for both immigrations and emigrations, sample sizes differ for each condition and are reported in 
each result. Hourly scent mark rates were aggregated by mean for each individual under each 
condition and compared using Wilcoxon signed-rank tests. 
To investigate if females increase scent marking during periods of low male membership, 
we tested the relationship between the percentage of group members that were adult males for each 
month and resident female hourly scent marking rates using Pearson correlations. 
 
Results 
 We identified 22 group changes for which there were focal individual observations (Table 
2). Of these changes, 10 were immigrations and 14 were emigrations. Half of all immigrations 
resulted in male takeovers. Three of these takeovers involved the displacement of the resident male 
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while one was passive, occurring after the former resident male died. We could not determine the 
nature of the fifth takeover as the resident male disappeared during the same time frame as the 
replacement male immigrated. Thus, the resident male could have been evicted by the immigrating 
male or could have died resulting in an opening in the group. 
 
Scent marking in response to group change 
To test the effect of group change on resident scent marking rates (H1), a Wilcoxon signed-
ranks test indicated that adult individuals’ scent marking rates did not significantly differ from 
monthly baseline rates during group changes (n=18, V=63, p=0.347) (Figure 4). Scent marking 
rates did not differ significantly during immigrations compared to no changes (n=8, V=16, 
p=0.844) (Figure 5), nor during emigrations compared to no changes (n=15, V=40, p=0.277) 
(Figure 6). Within periods of group change, there were no significant differences in scent marking 
rates from monthly baselines during immigrations compared to emigrations (n= 7, V=17, p=0.688) 
(Figure 7).  
As scent marking rates vary by sex and rank, we repeated these tests for only adult males, 
only stain-chested males, and only adult females. Any changes in scent marking rates remained 
nonsignificant yet we note the decrease in sample size especially for immigrations (Table 3). 
Wilcoxon signed-rank tests also indicated that overall group scent marking rates did not 
differ from monthly baseline rates during group changes (n=6, V=5, p=0.133), during only 
immigrations (n=4, V=4, p=0.875), nor during only emigrations (n=6, V=7, p=0.563). Within 
periods of group change, there was no significant difference in scent marking rates from monthly 
baselines during immigrations compared to emigrations (n=4, V=4, p=0.875).  
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Scent marking in response to group composition 
To test the relationship between scent marking and a group’s sex composition (H2), we ran 
multiple Pearson correlations with a Bonferroni adjusted p-value of 0.017. We detected a weak 
but significant positive correlation between adult hourly scent mark rates and the percentage of 
adult group members that were males (r(1219)=0.146, p=0.000) (Figure 8). However, this 
relationship appears to be driven by the scent marking rates of adult females. Resident adult male 
hourly scent mark rates were not significantly correlated with the percentage of adult group 
members that were males (r(595)=0.046, p=0.261) whereas resident adult female hourly scent 
mark rates showed a weak but significant positive correlation with the percentage of adult group 
members that were males (r(622)=0.167, p=0.000). 
 
Discussion 
Our results indicate that scent marking rates in Verreaux’s sifaka are related to group 
composition yet do not increase in response to dispersal-related changes in group membership. 
Because scent marking varies by sex, as do the costs and benefits of immigrants, we discuss these 
findings separately for adult females and adult males. 
We found that adult females had higher scent marking rates during months when there was 
a higher proportion of adult males in their group but did not demonstrate significant changes from 
monthly baseline rates during periods of immigration or emigration. This suggests that adult 
female scent marking is related to the presence of more resident males but stands in contrast to the 
absence of a fluctuation in scent marking when the composition of male residents changes due to 
immigrations or emigrations. It is possible that females do show a difference in levels of 
communication during dispersal-related group membership changes but that they use other forms 
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of signaling. For example, females groom immigrant subadult males at higher rates than they do 
resident males and have shown higher responses to subordinate male “hoo” calls (a vocalization 
used to locate group members) than “hoo” calls from stain-chested males (Lewis, 2008). 
Therefore, it is likely that in the absence of increased scent marking rates residents could still 
mediate social integration of immigrants in a number of different ways. 
The weak positive correlation between female scent marking rates and adult male 
membership in the absence of group change-induced scent marking changes could also be due to 
our selection of a ten day window before and after change dates. As it is unclear at what point 
scent marking behavior could change in response to membership changes, we may have selected 
too broad an observational window. If residents did increase scent marking significantly from 
monthly baseline rates during only a few days surrounding an immigration or emigration, then 
these fluctuations could have been drowned out by the extra days we included in our analyses. 
 Resident male scent marking rates were not correlated with male membership nor did they 
differ significantly during periods of group change. This stands in contrast to our predictions. 
Because subordinate males provide no known benefits to male residents yet likely only minimal 
costs (Kappeler, 2009), we predicted that scent marking rates of stain-chested males increase 
during subordinate male immigration attempts possibly as a way of deterring extra-group males 
without engaging in higher cost physical aggression. Increased male resident scent marking could 
deter subordinate male immigrants in a few ways. First, more scent marks could more clearly 
delineate territorial boundaries. However, considering the high degree of home range overlap 
shared by groups (Lewis, 2005) and stain-chested males’ propensity to scent mark within the core 
of their range as opposed to the perimeter (Lewis, 2006) this seems unlikely. Second, as scent 
marks have been shown to convey fitness of the sender through their chemical composition (Harris 
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et al., 2018; Zala et al., 2004), an increase in scent marking could make it more likely that a 
subordinate encounters a mark conveying this message. Third, increases in stain-chested male 
overmarks of female scent marks, could serve to negate adult female communication with 
subordinate males if overmarking does indeed mask the original scent. This also seems unlikely 
though, as once immigrant males are already in the group, females can engage in more direct 
communication such as grooming (Lewis, 2010) and vocalizing (Lewis, 2019) that are less 
vulnerable to interference. 
However, our results show that adult males did not increase scent marking rates in response 
to group changes, nor were their hourly scent mark rates correlated with low male membership. 
This suggests three possibilities: our data may not have been fine scale enough to detect 
fluctuations in scent marking, adult males do not try to deter subordinate males from immigrating, 
or adult males deter immigrants in other ways. 
Despite the risk of losing reproductive opportunities to new subordinate males, it is 
possible that these costs are not substantial enough for stain-chested males to exert time and energy 
into deterring immigrant subordinate males. Afterall, stain-chested males successfully monopolize 
reproductively mature females (Kappeler & Schäffler, 2008) through a number of strategies. Lewis 
(2005) observed that stain-chested males overmarked more frequently than other group members, 
especially during intergroup encounters and even when this behavior was costly, as well as 
distributed their scent marks throughout their home range at random. Lewis’ (2005) findings 
suggest that stain-chested males use scent marking to stifle female communication with extra-
group members and to communicate with roving solitary males–both in line with the theory that 
dominant males use scent marking to mate guard females (Lewis, 2005; Mass et al., 2009). In 
addition to behavioral mate guarding, Kraus et al.’s (1999) study of testosterone and testis size in 
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dominant and subordinate males supports the presence of physiological suppression of 
reproductive ability in subordinate males. Stain-chested males not only had higher baseline 
testosterone levels but also showed larger increases in testosterone during the mating season 
compared to subordinates, as well as visible enlarging of the testis. Kraus et al.’s (1999) findings 
suggest that the high level of reproductive skew in Verreaux’s sifaka are due, in part, to sperm 
competition caused by rank-induced hormonal suppression of subordinates. This suppression 
could help explain the low levels of aggression between males and a lack of obvious deterrence 
behavior on the part of stain-chested males. 
Considering short visits to other groups are very common in Verreaux’s sifaka, it is also 
possible that resident males are already scent marking at increased rates to deter males. If this is 
the case, it would help explain the higher levels of scent marking observed in males, especially 
stain-chested males (Kraus et al., 1999; Lewis, 2005) as well as the lack of significant increases 
from monthly baseline rates. Additionally, stain-chested males may alter their scent marking to 
deter males in ways other than increased rates such as altered chemical composition (Charpentier 
et al., 2008; Scordato & Drea, 2007) or the accompaniment of visual markers, i.e., tree gouging 
(Drea, 2015). 
 Even if resident stain-chested males do not increase scent marking as a means of deterring 
subordinate males, one would still expect changes in behavior and communication between 
residents as the individuals are integrated into the group. Indeed, many primate species have 
demonstrated altered vocalizations during periods of group change. For instance, Wied’s black 
tufted-ear marmosets (Callithrix kuhlii) modify “phee” calls, an individual signature vocalization, 
when in the presence of novel conspecifics (Rukstalis et al., 2003). Santorelli et al. (2013) also 
observed greater individual variation of “whinnies”, a contact call, in a community of wild 
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Geoffroyi’s spider monkeys (Ateles geoffroyi) that had undergone more immigrations than in a 
more stable community. Our results suggest that if changes in communication take place during 
group changes in Verreaux’s sifaka, they are not in the form of increased scent marking rates. 
While scent marking is an integral component of strepsirrhine communication, Verreaux’s sifaka 
utilize a variety of methods to mediate intragroup relationships and hierarchies such as 
vocalizations (Lewis, 2008; Lewis; 2019), grooming (Lewis, 2008; Lewis, 2010) and even play 
(Antonacci et al., 2019). For example, Lewis (2019) demonstrated that Verreaux’s sifaka use 
“chatter” vocalizations, a unidirectional submissive signal, to resolve immediate conflicts as well 
as communicate long-term social hierarchies. Grooming also plays an important role in social 
integration and hierarchy maintenance. Subordinate individuals groom higher ranking members 
more frequently and males show higher rates of grooming others compared to females (Lewis, 
2010). Immigrant subadult males (3-5 years) have also been shown to spend more time grooming 
the resident stain-chested male than any other member (Lewis, 2008). Similar grooming strategies 
have been found in immigrant wild Japanese macaques (Macaca fuscata) groups, for whom 
grooming of more centrally connected residents, as opposed to pure frequency of resident 
grooming, predicts successful integration (Kawazoe & Sosa, 2019). Therefore, during cases of 
subordinate male immigration that do not involve a resident male replacement, appeasement 
behaviors by immigrant males may result in tolerance on behalf of stain-chested male Verreaux’s 
sifaka. 
Over half of observed emigrations were natal dispersals, which may partially explain the 
minimal changes in scent marking rates by residents. Because natal dispersals seem to be initiated 
by the dispersing individual without any aggression from other residents and resident scent 
marking appears to be more directed at mate guarding by stain-chested males as well as territory 
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demarcation or resource defense, particularly by females (Lewis, 2005; Lewis, 2006) it is possible 
that scent marking does not facilitate natal dispersal. Some emigrations were the result of male 
takeovers, however. The consistency of resident scent marking ranks even in response to such 
abrupt and dramatic changes as the usurping of a stain-chested male provides support for the idea 
that other forms of communication are at play. 
 
Limitations and Future Research 
While the above section may explain why we did not observe significant changes in scent 
marking rates during periods of group change, it cannot be ruled out that our data lack the 
resolution needed to detect full fluctuations in scent marking rates. Future studies would benefit 
from conducting all occurrence sampling of scent marks for all individuals in a focal group. This 
would allow for more robust data on individual scent marking rates as well as narrow the window 
of group change events, increasing the accuracy of comparisons. 
Chemical analyses of deposited scent marks would also compliment behavioral 
observations and may shed light on the role scent marking plays in mediating group changes. Scent 
mark samples would need to be collected frequently in order to detect any changes, so samples 




 Scent marking is an integral component of strepsirrhine communication, yet its role in 
mediating group membership changes is unclear. While we cannot conclude definitively, our 
results suggest that Verreaux’s sifaka do not rely on increases in scent marking frequency when 
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responding to immigration or emigration events. However, females did scent mark at higher rates 
when there was a greater proportion of adult males in the group. Taken together, these findings 
suggest that other forms of communication such as vocalizations, grooming, and even chemical 
changes play a larger role in intragroup dynamics. Our study, therefore, presents a preliminary 
assessment of scent marking in response to group changes in a wild population of Verreaux’s 
sifaka and offers recommendations for future research that may shine light on how individuals 
communicate, maintain cohesive social groups, and mediate group membership. 
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Figure 1. Phenotypic Variation in Male Verreaux’s Sifaka 
 
 
Figure 2. Map of Ankoasifaka Research Station in Kirindy Mitea National Park 
Note. (A) Subordinate male; (B) Dominant stain-chested male 
(A) (B)
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Abby F  - 74.33 
Ana F  V 96.50 
Emily F  - 43.00 
Nancy F  VI 37.83 
Polina F  IV 110.83 
Savannah F  - 140.67 
Syrup F  II 61.00 
Velo F  III 79.17 
Albert M Intermediate/Stained V 344.50 
Barea M Intermediate/Stained - 58.83 
Mafia M Stained - 214.67 
Marsu M Stained - 45.00 
Ratatouille M Clean IV 134.00 
Sherlock M Stained - 259.67 
Thor M Stained - 27.00 
Tonic M Clean/Intermediate - 105.33 
Valdes M Clean/Intermediate/Stained III 267.50 
William M Stained - 307.67 
Note. Chest reflects all observed staining from 2017-2019. Natal group 
is reported when known.  
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13-May-17 15-May-17 E Anthony M adult V solitary 
20-May-17 23-May-17 E Zipper M subadult II solitary 
26-Aug-17 15-Sep-17 I Mafia M adult unknown VI 
26-Aug-17 15-Sep-17 E Rich M adult VI solitary 
01-Oct-17 16-Oct-17 E Marsu M adult IV solitary 
01-Oct-17 16-Oct-17 E Ratatouille M adult IV solitary 
12-Oct-17 20-Oct-17 I Tonic M adult unknown V 
13-Oct-17 16-Oct-17 I Valdes M adult III IV 
13-Oct-17 16-Oct-17 E Valdes M adult III IV 
23-Oct-17 30-Oct-17 E Avana M juvenile V solitary 
22-Dec-17 13-Jan-18 E Syrup F subadult III XI 
27-Sep-18 28-Sep-18 E Zoma M adult II solitary 
24-Jun-19 29-Jun-19 I Spirit M subadult II III 
24-Jun-19 29-Jun-19 I Zavona M subadult II III 
24-Jun-19 29-Jun-19 E Zavona M subadult II III 
24-Jun-19 29-Jun-19 E Spirit M subadult II III 
16-Jul-19 26-Jul-19 E Albert M adult XI solitary 
16-Jul-19 26-Jul-19 I Barea M adult unknown XI 
21-Jul-19 26-Jul-19 E Spirit M subadult III II 
25-Jul-19 26-Jul-19 I Spirit M subadult III II 
31-Aug-19 30-Sep-19 I Barea M adult XI III 
31-Aug-19 22-Sep-19 I Zavona M subadult III II 
31-Aug-19 30-Sep-19 E Barea M adult XI III 
01-Sep-19 22-Sep-19 I Syrup F adult XI III 
Note. E=Emigration; I=Immigration  
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Table 3. Results of Wilcoxon Signed-rank Tests 
Category N V P Individuals 
No Change vs. Change 
Adults 18 63 0.347 Abby, Albert, Ana, Barea, Emily, Mafia, Marsu, Nancy, Polina, 
Ratatouille, Savannah, Sherlock, Syrup, Thor, Tonic, Valdes, 
Velo, William 
Males 10 25 0.848 Albert, Barea, Mafia, Marsu, Ratatouille, Sherlock, Thor, Tonic, 
Valdes, William 
Stained Males 7 12 0.813 Albert, Barea, Mafia, Marsu, Sherlock, Thor, William 
Females 8 10 0.313 Abby, Ana, Emily, Nancy, Polina, Savannah, Syrup, Velo 
No Change vs. Immigrations 
Adults 8 16 0.844 Abby, Albert, Savannah, Sherlock, Syrup, Thor, Velo, William 
Males 4 7 0.625 Albert, Sherlock, Thor, William 
Stained Males 4 7 0.625 Albert, Sherlock, Thor, William 
Females 4 2 0.375 Abby, Savannah, Syrup, Velo 
No Change vs. Emigrations 
Adults 15 40 0.277 Abby, Albert, Barea, Mafia, Marsu, Polina, Ratatouille, 
Savannah, Sherlock, Syrup, Thor, Tonic, Valdes, Velo, William 
Males 10 22 0.163 Albert, Barea, Mafia, Marsu, Ratatouille, Sherlock, Thor, Tonic, 
Valdes, William 
Stained Males 7 10 0.578 Albert, Barea, Mafia, Marsu, Sherlock, Thor, William 
Females 5 2 0.188 Abby, Ana, Polina, Savannah, Velo 
Immigrations vs. Emigrations 
Adults 7 17 0.688 Abby, Savannah, Sherlock, Syrup, Thor, Velo, William 
Males 3 6 0.250 Sherlock, Thor, William 
Stained Males 3 6 0.250 Sherlock, Thor, William 
Females 3 3 1.00 Savannah, Syrup, Velo 
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Figure 4. Mean Changes in Scent Marking Rates During Group Changes 
  
Note. N=No change; Y=Change (includes immigrations and emigrations) 
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Note. 0=No change; I=Immigrations 
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Figure 6. Mean Changes in Scent Marking Rates During Emigrations 
 
  
Note. 0=No change; E=Emigrations 
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Figure 7. Mean Changes in Scent Marking Rates During Immigrations and Emigrations 
 
  
Note. E=Emigrations; I=Immigrations 
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Figure 8. Correlation of Scent Marking Rates with Adult Male Membership 
 
 
Note. Adults refers to the hourly scent mark rates of all adult residents. Males includes hourly 
scent mark rates of only adult male residents, and Females includes only those of adult female 
residents. 
